Lolium multiflorum plants were grown under a low-or high-light regime until third leaves had emerged to one-third their final length and then were transferred to a contrasting light regime. At this stage, the leaf possesses a tissue-age gradient from tip to base; thus, the reversibility of lightacclimated responses as a function of the degree of differentiation was analyzed in individual leaves.
The adaptability of a plant is related not only to its structural and functional responsiveness but also to the speed of readjustment to fluctuations frequently encountered under natural conditions. This latter point, particularly important for adaptation to light, has received little attention. A few studies have dealt with the flexibility of adult leaves (3, 6) . The reversibility of lightinduced adaptive responses as a function of developmental stage in Lolium leaves was reported briefly (2) . More recently, Jurik et al. (8) have considered this problem in Fragaria, a shade-adapted dicotyledon.
Grass leaves possess a basipetal differentiation pattern, resulting in a developmental gradient along the leaf blade (12) and, thus, the adaptive potential of a given developmental stage can be analyzed within one leaf. The degree of reversibility and the time course of light-induced responses were examined in developing leaves which had been grown in one light regime and then were shifted to a contrasting regime.
The approach has allowed us to determine if parameters, such as Chl, RuBP carboxylase', resistances to CO2 transfer, and chloroplast ultrastructure, are open to continual adjustment or rather are fixed early in leaf differentiation.
MATERIALS AND METHODS
Lolium multflorum plants were grown under controlled conditions under either high light (110 w m-2) or low light (16 w m-2)
as described in the previous article (12) . When the third leaf on the main shoot was about one-third its final length (6-8 cm), the plants were shifted from the initial light condition to the second one ( Fig. 1 ). Photosynthetic gas-exchange measurements, RuBP carboxylase activity, Chl content, and electron microscopy were carried out on the entire leaf or separate portions of it at the time of transfer and when leaf expansion was complete (adult stage).
In addition, leaf gas-exchange and electron microscopy measurements were done at intermediate steps between the transfer stage and the adult stage.
The gas-exchange system was used as previously described (12) except that a large ventilated assimilation chamber was used to measure entire leaf assimilation. Stomatal resistances were determined from transpiration and leaf temperature measurements as described by Chartier et al. (4 (6-8 cm) attained a maximum photosynthetic rate and saturating irradiance close to those of high-light controls (Fig. 2) . The resistance measurements (Table  I ) of transferred leaves reveal that ri was closer to a high-light plant value than was r8. No difference in CO2 compensation point was noted. Specific leaf dry weight (Fig. 2 , right) of low-to highlight-transferred plants approached values characteristic of the latter condition, whereas Chl content was intermediate (Table II, whole leaf average).
In the reciprocal transfer from high to low light, a similar situation was observed; in transferred plants, the maximum photosynthetic rate and the saturating irradiance were slightly higher than in low-light controls (Fig. 2) . A similar recovery was observed for specific leaf weight (Fig. 2 , right) and Chl (Table II) . The r,.
was intermediate between low-and high-light controls, whereas the ri was nearly identical to the high-light value (Table I ). The r8 recovery was only partial, probably because the structural features (pore diameter, stomatal density) which controlled this parameter already had been fixed in the apical part of the leaf at the time of transfer.
Regional Responses of Transferred Leaves. As each leaf portion was at a different developmental stage at the time of transfer, it was interesting to examine how this gradient could influence the final phenotypic response at full leaf expansion.
Net photosynthetic rates in leaves shifted from low to high light ( Fig. 3) decreased from leaf tip to base in the same manner as in the high-light control. Regardless of which leaf portion was considered, there was no significant difference between control and transferred leaves (compare Fig. 5 in ref. 12 and Fig. 3 here) . Recovery was very rapid in the apical zones; within 6 days, the light response moved from a typical low-light curve to an adult high-light curve. Intermediate measurements showed that this phenomenon was progressive.
A similar recovery pattern was seen for RuBP carboxylase activity (Table II) ; however, the rates for plants transferred from low to high light surpassed those in high-light controls. In contrast with the total recovery observed for functional characteristics, the fresh or dry weight per unit leaf area and Chl content (Table II) were intermediate between leaves grown continuously in either of the two light regimes, whatever the position on the leaf.
When plants were transferred from high to low light, a "carryover" phenomenon was apparent. The apical leaf zone retained a part of the high photosynthetic capability it possessed at the time of transfer and for a relatively long duration (Fig. 4) . Maximum photosynthesis rate declined slowly during the first 10 days after transfer and then dropped off sharply concomitant with senescence (not shown). Net maximum photosynthetic rates for the medial zone (Fig. 4) were higher, but not significantly different than the low-light controls, whereas those for the basal zone were identical to the controls (cf. Fig. 5 (Table III) . Plastids in the middle zone had reached an intermediate developmental stage in that they contained approximately half their final membrane content, irrespective of the irradiance conditions (Table III) . Proplastids with rudimentary membrane systems are found at the base of high-or low-light young leaves (12) .
The absolute membrane content per chloroplast profile was analyzed the day of transfer and then successively during leaf development until full expansion. Chloroplasts in the apical zone (Table III) membrane-dense chloroplasts (Table III, day 7 ). In the reciprocal experiment, the chloroplasts also exhibited an "overshoot" in their membrane content (Table III, day I1 ), but their size was intermediate between those in high-and low-light controls. When the intrachloroplast content is expressed in terms of density/plastid area, as indicated by the granal or lamellar index, a "recovery" phenomenon is revealed (Table III) . The apical chloroplasts, whether in leaves shifted from low to high light or vice versa, progressively became typical of the second light regime. A regulatory balance among different chloroplast parameters (e.g. constant proportion of membranes/plastid surface) seemed to be operating.
A shift in the light regime for the juvenile chloroplasts (medial leaf zone) essentially showed that the irradiance during the latter half of the differentiation determined chloroplast structure. An initial low-light followed by a high-light treatment induced large chloroplasts with a membrane system typical of high-light regimes, whereas the reciprocal shift led to smaller membrane-rich plastids similar to those in low-light leaves (see Fig. 10 in ref. 12 ; Table   III ). (Table III) .
Thus, the granal or lamellar content, whatever the initial differentiation stage at the time of transfer, adapts to a chloroplast structure characteristic of the last prevailing irradiance. The adaptation takes place via changes in plastid volume (dilution versus concentration of lamellae) as well as via alterations in the membrane content during the differentiation process.
DISCUSSION
The results show a high degree of reversibility in light-acclimated characteristics in each leaf zone (tip, middle, base). The magnitude of the modifications depended upon the structural or physiological parameter considered (Tables I-III) Of special interest is the high degree of sensitivity of chloroplasts and the way by which they change their characteristics. The final morphology of proplastids and juvenile plastids in basal and medial zones is dependent only upon the later environment, which suggests a continuous adjustment to climate during chloroplast development. The ability of apparently mature chloroplasts to modify their structure and activity poses a different problem in that they have already attained a relatively inflexible membrane organization characterized by interconnected helical structures (1, 11) . At maturity, structural alterations take place through a differential (re)growth of stroma and lamellar material leading to more dilute or concentrated lamellar content. Biochemical measurements (5, 9) have demonstrated the capacity for stroma and lamellar protein synthesis in differentiated plastids. It would be interesting to check these capacities under the present inductive conditions.
The results presented here show a change in stroma volume associated with a change in RuBP carboxylase activity. RuBP carboxylase activity parallels both soluble protein ( 1 3) and fraction I protein contents (6) , suggesting changes in enzyme quantity. As RuBP carboxylase is the main component of stroma protein (7), it could be assumed that the increase in stroma volume is due to an increase in enzyme content rather than in H20 or solute content observed in the case of rapid light-controlled shrinkage or swelling in plastids (10) .
